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Abstract

Given recent technological advances and advances in our understanding of cancer, 

immunotherapy of cancer is being used with clear clinical benefit. The immunosuppression 

accompanying cancer itself, as well as with current cancer treatment with radiation or 

chemotherapy, impairs adaptive immune effectors to a greater extent than innate effector cells. In 

addition to being less suppressed, innate immune cells are capable of being enhanced via immune-

stimulatory regimens. Most strategies being investigated to promote innate immune responses 

against cancer do not require complex, patient-specific, ex-vivo cellular or molecular creation of 

therapeutic agents; thus they can, generally, be used as “off the shelf” therapeutics that could be 

administered by most cancer clinics. Successful applications of innate immunotherapy in the clinic 

have effectively targeted components of the innate immune response. Preclinical data demonstrate 

how initiation of innate immune responses can lead to subsequent adaptive long-term cancer 

immunity. We hypothesize that integration of innate immune activation strategies into 

combination therapies for cancer treatment will lead to more effective and long term clinical 

benefit.

Introduction/Background: Rationale for targeting innate immunity for 

enhancement of cancer immunotherapy

Except for the example of “Graft-versus-Leukemia” (GVL) following allogeneic bone 

marrow transplant1, prior to ~1985 few preclinical advances in cancer immunotherapy were 

being translated clinically. This was due to limitations in our: 1) understanding of cancer; 2) 

animal models, which were not simulating clinical cancer treatment; and 3) technologic 

ability to create agents in sufficient quantity to impact cancer. In this regard, the ability to 
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make recombinant human cytokines [interferon (IFNs), interleukin-2 (IL2)] and monoclonal 

antibodies (mAbs) advanced this research greatly. Thus clinical immunotherapy is being 

more frequently used with clinical benefit2.

Several barriers to efficacy remain however. First, when cancer is diagnosed, the growing 

neoplasm has already escaped from the immune system, and thus has been selected for its 

ability to not be recognized or destroyed by endogenous immunity3. Thus, in a subset of 

patients, effective immunotherapy requires the induction of mechanisms far more potent 

than those that the ineffective endogenous immune response tried to muster. The 2nd barrier 

is that cancer itself, and current cancer treatments, are highly immunosuppressive, 

particularly to the adaptive (T-cell) response4. Although current data with immune 

checkpoint inhibitors demonstrate potent restoration of T cell anti-tumor immunity in 

subsets of advanced cancer patients, nevertheless, innate immune cells [especially natural 

killer (NK) cells and macrophages], are much less suppressed5 and are thus attractive 

effectors as part of an immunotherapeutic strategy. The 3rd barrier is that some of the most 

potent current cellular therapy approaches require local, patient-specific, high-tech, good-

manufacturing practice (GMP)-lab support that is not available for patients treated at most 

cancer clinics. In order to potentially enable broader application of immunotherapy, there 

are advantages in strategies that combine reagents that could be stored in any hospital/clinic 

pharmacy, and be readily applied “off the shelf” for patients worldwide.

A number of immunotherapeutic approaches towards enhancing innate immunity have 

demonstrated clinical efficacy. In this review, we describe strategies in which innate 

immune cells have been successfully augmented as part of an immunotherapy regimen. In 

addition to stimulation of adaptive immunity, we hypothesize that many forms of clinically 

successful immunotherapy of cancer will likely involve components of innate immune 

stimulation.

Components and biology of innate immunity

Natural Killer (NK) Cell Biology

At the interface of a developing cancer and its interaction with the immune system, NK cells 

play a central role in cancer elimination6. In mouse models, the role of the NK cell in 

preventing metastatic dissemination has been clarified7. A role for NK cells in the 

prevention of spontaneous cancer is supported by their cell surface expression of Natural 

Killer Group 2, Member D (NKG2D) a receptor capable of recognizing signs of stressed/

pre-malignant cells. NK cells, unlike the B and T cells of adaptive immunity, are capable of 

spontaneously destroying cancerous cells without prior sensitization. This unique capability 

is the result of the mechanisms by which NK cells target cancerous cells for destruction.

The cytolytic activity of NK cells, mediated in part by pre-synthesized granules, requires a 

balance between “activating” signals and the lack of “inhibitory” signals. The main 

inhibitory signals in humans, which function to prevent the destruction of “self” tissues, are 

the inhibitory killer cell immunoglobulin-like receptors (KIRs). The classical ligands for the 

NK cell’s inhibitory KIR are certain major histocompatibility complex (MHC) class I 

surface molecules. These MHC-class I molecules are polymorphic cell surface molecules 
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found on all mature nucleated cells. In contrast to mature CD4+ or CD8+ T cells, which are 

activated upon presentation with MHC class II or class I bound antigen, NK cells are 

inhibited from killing when their inhibitory KIR specifically recognize their cognate specific 

MHC class I molecules. By circumventing this inhibitory mechanism, “naïve” NK cells can 

activate and lyse tumor cells that lack the MHC class I “off switch.” These receptor 

interactions also explain the wide variability in NK cell activity in the population, as an 

individual’s NK KIR repertoire and MHC I ligands, are encoded on separate chromosomes 

and independently inherited. Thus different degrees of activating or inhibitory interactions 

are determined by an individual’s KIR repertoire as well as the spectrum of MHC class I 

molecules the NK cells encounter. These important relationships were first identified 

clinically in the setting of the allogeneic graft-vs.-leukemia effect for recipients of T-cell 

depleted allogeneic bone marrow transplantation (BMT).

Neutrophils

Neutrophils are short-lived granulocytes well recognized for their role in the immediate 

response to a bacterial or fungal inoculation. Although neutrophil activity may potentially be 

incorporated into effective immunotherapies, their functions can at times promote tumors. In 

the tumor microenvironment, up-regulation of neutrophil chemotactic factors augments the 

presence of these short-lived cells. The presence of neutrophils within the tumor 

microenvironment has been significantly associated with worse prognosis in a number of 

solid tumors8, 9. Neutrophils have been implicated in tumor initiation, via the genotoxic 

effects of neutrophil generated reactive oxygen species. Neutrophils can also foster tumor 

progression. For example, some tumor cells secrete IL-8, recruiting neutrophils to the tumor 

site10. The pro-tumoral role of neutrophils includes: inflammatory cell recruitment, tumor 

cell proliferation, tumor angiogenesis, enhanced invasiveness, and neutrophil-aided 

extravasation leading to metastasis11. Neutrophil elastase – a major anti-bacterial effector 

mechanism of the cell – can lead to tumor cell proliferation if internalized by the tumor 

cell12. Since they have effector function and also have Fc receptors, neutrophils can mediate 

Antibody Dependent Cell-mediated Cytotoxicity (ADCC). Some have suggested that most 

of the anti-tumor effect of human neutrophils, demonstrated via ADCC, is primarily an in 

vitro finding and may not play a substantial role in vivo13. However, mouse work indicates 

that tumor associated neutrophils may differentially polarize towards an anti-tumor function, 

capable of tumor cytotoxicity14. Furthermore, clinical data from Cheung and colleagues 

have demonstrated in sequential trials that the addition of GM-CSF to tumor-reactive mAb 

seems to provide augmented antitumor efficacy15.

Macrophages

As observed for neutrophils, macrophage functions may potentially be incorporated into 

cancer immunotherapies, but their native activities are often tumor promoting. Most tumors 

(human and mouse) are heavily infiltrated with immunosuppressive M2 macrophages that 

contribute to tumor progression16, with phenotype and function distinct from activated 

effector M1 macrophages that can destroy tumors. Macrophages follow two different 

patterns of activation: M1 macrophages are effector cells involved in protection from 

infection and have a tumor-destroying role; M2 macrophages are involved in wound healing 

and thus have a pro-tumor role. The pro-tumor role of the M2 macrophages involves 
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immunosuppression (preventing T-cell cytotoxicity), and promoting tumor growth via 

modulation of the tumor microenvironment. M2 macrophages have also been implicated in 

promotion of metastatic spread of tumor.

Clinical approaches towards induction of innate immunity for therapeutic 

anti-cancer activity

KIR/KIR-ligand (KIR/KIR-L) mismatch in BMT

The graft-vs.-leukemia (GVL) effect, in which anti-tumor immunity is conferred to a patient 

via bone-marrow transplant, may be among the first examples of a successful 

immunotherapy. The effect, noted in animal models, and then in clinical BMT data, as an 

association between graft vs. host disease (GVHD) and lower leukemic relapse rates, began 

efforts to promote GVL without GVHD. The ideal cells to achieve GVL would recognize 

the patient’s normal tissues as “self” yet recognize leukemic cells as “non-self” and target 

them for destruction. Allogeneic donor T cells are capable of eliminating neoplastic cells 

(GVL-effect) but can also mediate GVHD as they may be activated by MHC presenting 

recipient peptides that are “foreign” to the donor T cells. In contrast, donor NK cells can be 

activated by NK-activating ligands on leukemic cells but this activation needs to circumvent 

inhibition via the inhibitory KIR receptors. This principle was initially exploited in the 

clinical setting of BMT for acute myeloid leukemia. Patients receiving transplants with a 

KIR/KIR-L incompatibility (circumventing NK inhibition) experienced a 60% event free 

survival at 5 years vs. 5% for patients in which NK cell inhibition was induced on the basis 

of KIR/KIR-L match (p<0.0005)17.

Administration of IL2 alone to stimulate anti-tumor responses

IL2 is a cytokine secreted by CD4+ and other immune cells and has various effects on 

distinct immune cells. Exposure of human peripheral blood mononuclear cells (PBMCs) to 

IL2 generates lymphokine-activated killer cells capable of spontaneous lysis of tumor cells 

in vitro. Administration of this cytokine to melanoma and renal cell carcinoma patients has 

been one of the earliest successful applications of an immunotherapy18. While most 

evidence suggests that the anti-tumor effects of IL2 are mediated by antigen-specific T cells, 

a role for activation of innate immunity cannot be excluded. Even so, the activation of innate 

immune cells with IL2 may not provide the level of specific tumor recognition that is 

desired in order to selectively attack tumor cells. Added tumor specificity has become 

possible by incorporating the strategy of tumor-specific monoclonal antibody.

Tumor-selective attack by innate immune effector cells facilitated by tumor-reactive 
monoclonal antibodies

A variety of established laboratory techniques now allow for the creation human mAbs 

against a wide variety of epitopes19. Many clinically effective tumor specific mAbs induce 

direct tumor cell destruction involving innate immune mechanisms; some work via 

complement dependent cytotoxicity, while most involve innate effector cells via ADCC. 

Table 1 provides examples of tumor-reactive mAbs with proven antitumor efficacy, that 

work, at least in part, via these innate immune pathways. In ADCC, the antigen specific (Fab 
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portion) of the antibody binds a tumor cell surface epitope while the Fc portion of the 

antibody recruits immune cells bearing an activating Fc-receptor (mainly NK cells, 

macrophages and neutrophils).

While some mAbs show clinical benefit as single agent therapy, additional benefit is 

obtained when mAbs are combined with immune-stimulation. NK cells, macrophages, and 

neutrophils (the main effector cells mediating ADCC) can be augmented to improve 

outcome.

Enhancing antibody-directed innate immunity to improve outcome: an example combining 
an anti-GD2 mAb, IL2, and GM-CSF for pediatric high-risk neuroblastoma

The GD2 disialoganglioside is expressed on neuroectodermal tumors, including melanoma 

and neuroblastoma20–23, but not on normal tissues other than low-level expression on certain 

neurons and melanocytes. Clinical testing has included the 3F8 and 14.G2a murine mAbs, 

the chimeric 14.18 (ch14.18) mAb and its modified humanized form (hu14.18K322A)24–34. 

In vitro, anti-GD2 mAbs can mediate ADCC against GD2+ tumor cells35, 36. PBMCs from 

patients treated with IL2 in vivo mediate enhanced ADCC with the 14.G2a, ch14.18 and 3F8 

mAbs37 suggesting that anti-GD2 mAbs may provide benefit in patients receiving IL2. In 

initial phase-I/II trials, most patients with measureable disease showed no effect in response 

to 14.G2a or ch14.18 plus IL238, 39. This clinical experience, coupled with preclinical data 

showing better results of mAb based immunotherapy in smaller, less-established disease40, 

suggested that this approach should be tested in patients with minimal residual disease 

(MRD), such as patients in remission but at high risk for recurrence. This approach was 

tested in pilot studies41, 42 for children with high-risk neuroblastoma following intensive 

chemotherapy, surgery, radiation therapy, autologous stem cell transplant (ASCT) and cis-

retinoic acid (CRA); historically such children had only a ~40% chance of event-free 

survival (EFS)43. In a small pilot study for children with high-risk neuroblastoma following 

ASCT, IL2 was combined with GM-CSF (to enhance ADCC by NK cells as well as 

macrophages and neutrophils) and with ch14.1844, 45. Toxicity was acceptable; 2 year 

overall survival was ~75%, better than historical controls41. These results led to a Phase III 

randomized trial of ch14.18 + GM-CSF + IL2 + CRA (immunotherapy) vs. CRA. With a 

median follow-up time of ~2 years, the event-free-survival (EFS) at 2 years was 66% for 

immunotherapy vs. 46% for CRA (p = 0.0115). The overall survival at 2 and 3 years, 

respectively was 86% and 79% for immunotherapy, vs. 75% and 63% for CRA (p = 

0.0223)46. Despite the absence of a control arm of cytokines alone, this Phase-III trial 

provided evidence that a combination of anti-cancer mAb with cytokines is an effective anti-

tumor treatment, and is now the standard of care regimen (and FDA approved) for children 

with high-risk neuroblastoma.

Future applicability to other cancers treated with other antibodies

To date, published clinical trials of regimens adding IL2 or GM-CSF to treatment with other 

ADCC-inducing mAbs (ie: Rituximab, Trastuzumab, see Table 1) have not shown any 

benefit over treatment with the mAb alone47–49. However, these published studies have 

focused on treatment for refractory or relapsed measureable disease. The study of 

combination immunotherapy in high-risk neuroblastoma suggests that the efficacy of 
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ADCC-inducing mAbs may be best seen when combined with agents that augment ADCC 

and when tested in the adjuvant or minimal residual disease setting46.

In applying combination immunotherapy, with ADCC-acting mAb and immunostimulatory 

agents, the challenges will be to identify: 1) which combinations of immunotherapies work 

best together and in what order; 2) how to combine these with “conventional therapies”; 3) 

when in the overall clinical treatment course are these approaches best applied; and 4) how 

to integrate patient-specific genetic information (pertaining to the tumor and to each 

patient’s immune capabilities) into the design and selection of regimens for individual 

patients.

Next-generation mAb-based agents

Just as tumor-reactive mAbs can target innate immune cells with Fc receptors to tumor cells, 

next-generation agents involving tumor-reactive mAbs can use other effector cell triggering 

structures to bridge effector cells to tumor cells and facilitate their destruction.

Bifunctional mAbs—Bifunctional antibodies can involve chemical or genetic linkage of 

tumor-reactive mAbs to other mAbs that bind triggering structures on effector cells. 

Catumaxomab links a mAb against epithelial cell adhesion molecule (EpCAM, which is 

expressed on ovarian cancer as well as several other epithelial cancers) to a triggering anti-

CD3 mAb that activates T-cells regardless of their T-cell receptor specificity. This agent is 

approved as an intraperitoneal therapeutic for ovarian cancer in Europe50. Similar in intent is 

Blinatumomab, a bifunctional agent that links a single chain Fab- variable (scFv) fragment 

against CD-19 (on pre-B leukemia) to a scFV against CD-3. This agent has shown dramatic 

success in treating refractory pre-B acute lymphoblastic leukemia, and has recently been 

approved by FDA 51, 52.

Immunocytokines—Immunocytokines (ICs) are fusion proteins that are functionally 

similar to bifunctional mAbs. ICs are created by linking a tumor-reactive mAb to a cytokine 

that activates effector cells (rather than to a separate mAb that activates effector cells). 

Selective delivery of the broadly acting cytokine to the tumor makes ICs more potent in 

tumor-bearing mice than comparable amounts of the same mAb and cytokine, given 

separately yet simultaneously40, 53, 54. In a preclinical study of an IC specific for the CD20 

antigen on malignant B cells, the in vivo anti-tumor efficacy of the IC was far greater than 

the efficacy seen using 25 fold more mAb and IL2 given simultaneously55. In addition, ICs 

can function in ways that are not possible by conventional mAbs. For example, when an 

anti-GD2 IC (consisting of an anti-GD2 mAb coupled to IL2, designated hu14.18-IL2) binds 

to a GD2+ tumor cell, it essentially coats the tumor cell’s surface with IL2, allowing effector 

cells to use their IL2 receptors (IL2Rs) to bind to IL2-coated tumor cells. This leads to 

induction of an IL2R-facilitated activated immune synapse with the NK and tumor 

cells56, 57. Conceptually, this means that these ICs are bifunctional agents (for NK-mediated 

anti-tumor effects) with a similar mechanism to bifunctional mAbs that link an anti-tumor 

mAb to an activating receptor (like-CD3) on a T cell, thus binding tumor cells to activated T 

cells (like blinatumomab)51, 52.
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These bifunctional agents (like ICs) are “off the shelf” therapeutics that are schematically 

analogous to the chimeric antigen receptor modified T-cell (CART) approach; both use mAb 

recognition of tumors to bind effector cells to the cancer and induce downstream immune 

activation, resulting in tumor cytolysis. Hu14.18-IL2 has shown significant clinical activity 

in children with neuroblastoma58. A growing number of widely diverse IC’s, varying in 

their antigenic targets, cytokine conjugate, and structure are currently being evaluated 

clinically59.

Promising area of translational research: understanding the relationships between KIR/
KIR-L and response to ADCC acting immunotherapy

Given the important role of KIR/KIR-ligand (KIR/KIR-L) relationships in the setting of 

allogeneic BMT, it is conceivable that these same relationships might influence clinical 

efficacy in the setting of NK-mediated ADCC using tumor-reactive mAbs. This was 

evaluated using data from a phase-II clinical trial of the hu14.18-IL2 IC in patients with 

relapsed/refractory neuroblastoma. In this small study, all patients that showed clinical 

benefit in response to hu14.18-IL2 lacked an HLA ligand for at least one of their KIR 

genes60. Subsequent analyses from a larger trial of anti-GD2 mAb for neuroblastoma 

confirmed the importance of KIR/KIR-L mismatch in this in vivo ADCC clinical effect61. In 

the case of lymphoma patients treated with rituximab (anti-CD20 mAb), clinical 

associations between immunotherapeutic outcome and KIR/KIR-L status are also seen62, 63. 

Even so, some of the associations seen for KIR/KIR-L associations in rituximab-treated 

patients are somewhat distinct from results for analyses in neuroblastoma patients receiving 

anti-GD2 mAb and cytokines60, 61 or for recipients of allo-BMT17, 64–70. These results 

suggest that the KIR/KIR-L relationships with outcome may be different for different forms 

of immunotherapy or for different forms of cancer.

As the relationships between KIR/KIR-L status and treatment outcome become clearer, 

these relationships may help in clinical decision-making. “Favorable” vs. “unfavorable” 

KIR/KIR-L status (however they may be defined based on disease and treatment specific 

data) might be used prospectively for: 1) clinical trial subset analyses; 2) eligibility criteria 

for entry to certain trials for clinical immunotherapy; or 3) determination of patients with an 

“unfavorable” KIR-ligand status who might best benefit from “KIR- blockade” via the 

addition of a separate anti-inhibitory-KIR mAb (such as Lirilumab) to their ADCC-

therapeutic regimen. Lirilumab is an antagonist mAb reactive with inhibitory KIRs 2DL1, -

L2, -L3; it augments NK cell cytotoxicity and may augment efficacy of mAbs acting 

through ADCC71. It is currently being evaluated in a number of phase I clinical trials for 

advanced solid tumors, as part of checkpoint blockade strategies72.

Other approaches towards NK cell stimulation

The response of NK cells to various interleukins is a feature of NK cells now being 

employed in various treatment strategies. In vivo NK cell activation is achievable with the 

administration of interleukin-2 (IL2) or Interleukin-15 (IL15)73.
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Macrophages as targets for induction of innate anti-tumor immune 

responses

Manipulation of monocytes/macrophages

In the context of cancer immunotherapy, the capability of macrophages to take on either a 

pro- or anti-tumoral function presents distinct therapeutic targets: activation of M1 (anti-

tumoral) macrophages and inhibition (or repolarization to M1) of M2 (pro-tumoral) 

macrophages. Macrophage colony stimulating factor (M-CSF) acts on macrophages via an 

M-CSF receptor. Of interest, M-CSF has been implicated in polarization of macrophages 

towards the M2 phenotype. In some cancers (including breast, ovarian epithelial, 

endometrioid, papillary renal cell carcinoma), M-CSF expression levels have been 

associated with higher tumor grade, more metastases, and poor prognoses. A number of M-

CSF and M-CSF receptor inhibitors have been evaluated in xenograft models, with highly 

variable results dependent on tumor model and inhibitor. While results were not striking 

when these were given alone, augmentation of the anti-tumor effects of radio or 

chemotherapy have been reported with their use75. Currently, human trials for advanced 

solid tumors are being conducted with 2 separate anti-M-CSF receptor mAbs [IMC-CS4 

(fully human IgG1 mAb)76 and RG7155 (humanized IgG1 mAb)77] and a small molecule 

receptor tyrosine kinase inhibitor (PLX 3397)78–84.

Methods of activating M1-macrophages: TLR agonism

A potent, evolutionarily conserved innate immune mechanism to rapidly and robustly 

activate monocytes/macrophages is through the toll-like receptor (TLR) system. TLRs exist 

in a variety of locations on and in macrophages, and are designed to recognize and respond 

to molecular patterns shared by pathogenic organisms. While some of the TLRs are 

internally located (well-suited to detect viral components), cell surface TLRs have been 

implicated in the immune response to cancer. Specific molecular patterns, characteristic of 

tumor cells as they are killed via radio- or chemotherapy, are recognized by TLRs and can 

potentially form a bridge between the innate and adaptive immune responses85. Preclinical 

approaches have demonstrated how activation of macrophages with anti-CD40 agonist mAb, 

combined with TLR activation can induce augmented M1 macrophage function, augmented 

antitumor effects86, 87 and enhanced in vivo tumor-reactive mAb induced antitumor 

effects88.

Clinical approaches towards TLR agonism

A cell wall component of Bacillus Calmette-Guerin, an activator of TLR2 and TLR4, has 

been approved by FDA for adult bladder cancer. Imiquimod, a TLR7 agonist, has been 

approved by FDA for the treatment of basal cell carcinoma. A number of additional TLR4, 

-5, -7, and -8 agonists are also being investigated89.

Clinical strategy towards macrophage activation in osteosarcoma

In osteosarcoma the benefit of surgical resection and adjuvant chemotherapy is still 

associated with a 30–40% rate of relapse, often presenting as chemo-resistant pulmonary 

metastases90. Muramyl tripeptide phosphatidylethanolamine (MTP-PE) is a structural 
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component of mycobacterium, phagocytosed by monocytes and macrophages. Through 

direct cell stimulation, MTP-PE polarizes macrophages towards tumoricidal (M1) activity 

via up-regulation of TNF, IL1, IL6, IL8, and monocyte chemotactic activating factor 

(MCAF)91. MTP-PE’s effect on macrophages is not affected in vivo by concomitant 

administration of cisplatin, high-dose methotrexate, cyclophosphamide, or doxorubicin91. 

This agent was not found to appreciably augment the toxicities observed with these 

chemotherapies. A liposomal encapsulation of MTP-PE was used as part of a multimodality 

treatment protocol with clinical benefit in pediatric osteosarcoma, conferring an overall 

survival benefit at 6 years post treatment in one of the treated cohorts (p=0.03)92.

Antitumor activity of macrophage targeted immunotherapy

In vivo treatment with anti-CD40 agonist mAbs activates macrophages to release IFN-γ 

IL12 and nitric oxide (NO), mediate destruction of tumor targets via apoptosis in vitro, and 

up-regulate TLRs86, 93–95. Further, anti-CD40 can synergize with the TLR9 agonist, CpG96, 

and with the TLR4 agonist, Monophosphoryl Lipid A (MPL)87, in activating macrophages 

and inducing anti-tumor effects in vitro and in vivo. Certain chemotherapies can synergize 

with anti-CD40 and CpG to change tumor-associated macrophages from pro-tumor M2 

phenotype to anti-tumor M1 phenotype, resulting in anti-tumor effects in murine melanoma 

and neuroblastoma models97. Mouse studies confirmed that the anti-tumor actions of anti-

CD40 can involve macrophages98. In humans, these regimens have demonstrated clinical 

benefit in some patients with pancreatic cancer98.

Induction of innate immunity as a bridge to adaptive immunity

Many tumors, especially those arising under carcinogenic pressures, exhibit potent tumor 

specific antigens. Scrutiny of the tumor microenvironment in a subset of patients reveals an 

adaptive T cell immune response specific for these tumor antigens, but unable to eradicate 

the cancer99. In this subset of patients, innate immune mechanisms were able to recognize 

the cancer and active ineffective adaptive immune elements. Strategies aimed at 

enhancement of the impaired adaptive immune systems in these patients (such as high dose-

IL2 and/or checkpoint blockade) have been able to restore potent anti-tumor effects and long 

lasting immunity.

In other patients, the tumor microenvironment is devoid of infiltrating immune cells and 

lacks signs of immune activation99. As this subset of patients shows less evidence of innate 

immune engagement, strategies must be aimed at enhancing the innate immune recognition 

of cancer99 and promoting an innate immune response against cancer before engaging the 

strategies designed to enhance the adaptive immune system.

Future direction: potential integration of innate and adaptive immune 

responses for the treatment of advanced cancer

Many immunotherapeutic strategies enhancing distinct aspects of the immune system are 

showing clinical promise. Moving forward, it will be important to identify ways in which 

strategies that engage the innate immune system can be augmented and combined with 

adaptive immune enhancement. We believe that the following proposed generalized 
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approach, or variations based on this strategy, warrant testing as they may prove to be 

effective and applicable to many cancers. Treatment might be initiated with a mAb-based 

agent (or agents in combination). These can be mAbs, their genetically engineered 

derivatives, bifunctional agents or ICs, as long as they are able to recognize cancer-selective 

cell surface targets (molecules that are overexpressed by the cancer, but with very low 

expression on normal tissues), and initiate cell-mediated anti-tumor activity100, 101. Tumor 

destruction can be enhanced in this setting by the provision of agents (like IL2, IL15 or GM-

CSF; alone or as ICs) to activate innate effector cells, such as NK cells, neutrophils and 

macrophages that mediate ADCC46, 102, 103. This process can also enable the mAb-coated 

dying tumor cells to be taken up by antigen presenting cells (APCs), thus serving as an 

endogenous autologous tumor vaccine104. This should induce or augment the anti-tumor 

adaptive response (that had not yet been effective) by more potently immunizing the patients 

with their own set of unique tumor antigens3, 105–107. Once an adaptive response is initiated, 

the addition of agents that expand the growing innate and adaptive responses should prove 

synergistic. These approaches include: 1) providing stimulation via immune potentiating 

“agonist” antibodies (such as anti CD40 or anti-CD137)98, 108, 109; 2) taking “the brakes off” 

the innate and adaptive immune response by blocking inhibitory checkpoints (PD1, CTLA4, 

KIR)71, 110–113; or 3) interfering with inhibitory cells [such as regulatory T cells or myeloid 

derived suppressor cells]114. The challenge for applying this type of combined approach 

involves selecting the right available agents, for the right patients, and applying this strategy 

at the optimal time in their overall cancer treatment.
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Table 1

Examples of Monoclonal Antibodies (mAbs) with clinical antitumor efficacy, acting via innate immune 

mechanisms for Cancer Treatment

Name Target Indication Predominant Innate Immune Mechanism of Action

Alemtuzumab CD52 B-cell CLL, CTCL CMC

Cetuximab EGFR Head/Neck and Colorectal Cancers ADCC

Dinutuximab GD2 Neuroblastoma ADCC

Obinutuzumab CD20 CLL ADCC

Ofatumumab CD20 CLL ADCC

Panitumumab EGFR Colorectal Cancers ADCC

Pertuzumab Her2 Breast Cancer ADCC

Rituximab CD20 B-cell NHL ADCC

Trastuzumab Her2/Neu Breast Cancer ADCC

CLL, chronic lymphocytic leukemia; CTCL, cutaneous T-cell lymphoma; CMC, complement mediated cytotoxicity; EGFR, epidermal growth 
factor receptor; ADCC, antibody dependent cell-mediated cytotoxicity; NHL, non-Hodgkin lymphoma
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